Background: Human metapneumovirus (HMPV) is a pneumovirus known to cause respiratory disease in children. It was identified as a pathogen in 2001 and its healthcare burden and associated costs are not fully understood.
Background
Human metapneumovirus (HMPV) is a pneumovirus that was first identified in the Netherlands in 2001 [1] . It is a ubiquitous virus, with most children being infected by 5 years of age, but continuing to experience re-infections throughout life [1] . Studies have shown that HMPV is identified in 3.9%-8.5% of children with clinical symptoms of upper respiratory tract infections (URTI) or lower respiratory tract infections (LRTI) who are hospitalised [2] [3] [4] [5] . The attributable fraction of HMPV (proportion of children who have HMPV detected where HMPV is considered to be the cause of the illness) to infected children with respiratory symptoms has been calculated to be between 73-90%, similar to that of RSV and influenza [6, 7] . Annual rates of hospitalisation in children under 5 years of age associated with HMPV are approximately 1 in 1000 in the United States (US) [8] . This is a similar burden to influenza (1 in 1000) but lower than RSV (3 in 1000) [8] . Estimates of the prevalence of HMPV within the community setting are more variable and are influenced by the cohort being sampled, values range from 1.3% to 20% of those with symptoms of URTI/LRTI [9] [10] [11] . A study of 3257 children in the US has estimated the annual outpatient burden of HMPV to be 55 clinic visits and 13 emergency department visits per 1000 children [8] .
HMPV shows seasonal variation, with the majority of infections being detected in January to April in the northern hemisphere [8] . It can cause a range of clinical syndromes from a mild URTI to severe LRTI requiring intensive care [1] . A study examining children presenting to an emergency department in Milan, Italy found that children with HMPV infection presented with mild URTIs, pharyngitis, acute otitis media, croup, acute wheeze, acute bronchiolitis and pneumonia [12] . A large study of children under 5 years of age admitted to hospital with respiratory illness or fever in the US showed that children with their HMPV-negative counterparts (53% versus 36%) and had a longer average stay in the paediatric intensive care unit (PICU) (4.5 days versus 2 days) [8] . A study comparing the characteristics of children admitted to PICU with HMPV and RSV found that children with HMPV were more likely to present with pneumonia or pneumonitis than those with RSV (29% vs. 16%), but that both groups required similar levels of invasive and non-invasive ventilation [13] . There is currently no specific treatment or vaccine for HMPV infection [14] .
Given the ubiquitous nature of HMPV, its potential clinical severity and the high burden of disease, it is becoming increasingly important to establish the impact of HMPV on paediatric populations.
Objectives
In this study we aimed to assess the clinical characteristics of children with HMPV infection admitted to PICUs in the United Kingdom (UK) over a nine-year period. A secondary aim was to estimate the associated cost of care.
Study design
Data were extracted retrospectively from the UK Paediatric Intensive Care Audit Network (PICANet) database for all children with a HMPV diagnostic code between 1st January 2006 and 31st December 2014. PICANet is a UK national database that includes clinical and laboratory data on almost all children admitted to a PICU in the UK, with an estimated case ascertainment of 99.4% in 2017 [15] .
The data collected includes basic demographic information, timing of admission, length of PICU stay, primary diagnosis, microbiology results, intensive care support required, paediatric index of mortality 2 (PIM2) score (a severity scoring system used to help predict the outcome of patients admitted to PICU) and mortality.
Although detection of HMPV was recorded as a diagnostic code in all of the included children, data was not available on how the organism was detected (i.e. whether collected from the upper or lower respiratory tract or the diagnostic test used). In addition, the presence of HMPV may not have been the primary reason for admission to PICU and may have been an incidental finding.
Healthcare costs were calculated (UK£ for 2017) using the NHS reference costing scheme [16] . The healthcare costs are presented as mean data in order to preserve total costs. Critical care in the UK is divided into basic, intermediate and advanced and within advanced critical care there are a further 5 sub-levels. PICANet does not currently collect data on children in basic and intermediate critical care and thus all patients included in this study received at least advanced critical care level 1. Documentation from the Royal College of Paediatrics and Child Health (RCPCH) on paediatric critical care has outlined the 5 sublevels of advanced critical care [17] . However, full details of all the care children received during their stay in PICU was not available through PICANet (e.g. the volume of fluid boluses they received), thus we could only differentiate admissions needing level 5 care (requiring ECMO) from those requiring level 1-4 care. We, therefore, calculated mean (minimum, maximum) costs for admissions requiring level 1-4 care and those requiring level 5 care.
Statistical analysis
Proportions were compared using the Chi squared or Fisher's exact test. Continuous variables were tested for normality using the Shapiro-Wilk test and data were analysed using either the independent t-test or the Mann-Whitney U test as appropriate. Statistical analysis was carried out with Microsoft Excel and IBM SPSS Statistics (Version 24, New York, USA).
Ethical approval was not required for this study.
Results

Demographics and duration of stay
There were 114 admissions involving 103 patients during the study period. Over the study period, PICAnet estimated the total number of admissions to UK PICUs to be 144,800 [18] . This would mean that those admissions associated with HMPV contribute to approximately 0.08% of total PICU admissions or 0.8 per 1000 PICU admissions. 95 patients had one admission, five patients had two admissions, and three patients had three admissions. 56 patients were male (49.1%). The mean (standard deviation, SD) age at admission was 2.8 (3.7) years and median (range) age 12 months (< 1 month-15.4 years). Mean (SD) length of stay was 9.2 (11.4) days with a median (range) of 5.8 (0.4-100) days.
Seasonal variation
The number of patients with a code of HMPV increased gradually from three in 2006 to 28 in 2014 ( Fig. 1A) . The number of cases per month were highest from November to May with 91% of all cases occurring between these months (Fig. 1B) . The peak number of cases was in April which saw 23 (20.2%) cases over the study period. Only five (4%) cases were identified in January despite there being higher numbers of cases in the months either side.
Co-detection of other organisms
104 patients (91.2%) had HMPV alone detected, with the remainder of patients having another organism also detected including adenovirus (3.5%), rhinovirus (2.6%), RSV (0.9%), coronavirus (0.9%), parainfluenza virus (0.9%) and Group A Streptococcus (0.9%). 
Primary diagnosis for PICU admission
There were 26 different diagnoses recorded as the primary diagnosis for PICU admission with a respiratory-based diagnosis the most common (84.2% of admissions) ( Table 1) .
PICU requirements
Children had a variety of intensive care requirements including invasive and non-invasive ventilation, inotropic support, renal replacement therapy and extracorporeal membrane oxygenation (ECMO). Many children required more than one type of support, either sequentially or simultaneously; ten children (8.8%) required none of the above interventions, 62 (54.4%) required one intervention, 33 (28.9%) required two interventions and nine (7.9%) required three interventions (Table 2) . 4.6. Paediatric index of mortality 2 (PIM2) score and mortality PIM2 scores, which give a value for mortality risk based on events within the first hour of admission to PICU, were collected for each admission. Mean (SD) mortality risk was 4.8 (6.4)%, with a median (range) of 2.7 (0.2-39.1)%. Five children died; the mean (SD) predicted mortality rate of those children was 14.3 (8.7)% compared with a predicted mortality among those who survived to discharged of 4.3 (5.9)% (P = 0.02). All those who died required invasive ventilatory support and four required inotropic support. The primary recorded diagnoses of those who died were: acute bronchiolitis, acute obliterating bronchiolitis, lower respiratory tract infection, sepsis and cardiac arrest with unsuccessful resuscitation.
Healthcare costs associated with HMPV
Costs of care were estimated using the NHS reference costing scheme; advanced critical care level 1 cost £1895/night, level 2 cost £2390/night, level 3 cost £2077/night, level 4 cost £3942/night and level 5 cost £5867/night [16] . The mean (minimum, maximum) costs Table 2 Combinations of intensive care support required. Data presented as n (%) or mean (SD). * The percentages add up to more than 100% as some children received more than one type of support.
for each admission requiring level 1-4 care (n = 112) were £23,442 (£17,287, £35,960) and the mean costs for each admission requiring level 5 care (n = 2) were £94,928. The total cost of PICU admissions over the study period was estimated to be between £2,256,823 and £3,997,823, giving an annual estimated minimum cost of £282,102 and maximum cost of £499,728 over the study period. However, as the number of HMPV cases increased significantly over the study period, the costs for 2006 were estimated to only be between £59,390 (minimum cost) and £105,206 (maximum cost) but by 2014 they had increased to be between £554,307 (minimum cost) and £981,921 (maximum cost).
Discussion
HMPV was detected with increasing frequency amongst the UK PICU population between 2006 and 2014. This may have been due to increasing incidence of the virus, however, it is more likely to be attributable to increased awareness of HMPV as a potential pathogen and therefore increased testing specifically for it as well as an increase in the use of multiplex polymerase chain reaction (PCR) testing which detects multiple pathogens from a single sample. Other possible explanations include that six new PICU's (of a total of 34) began adding data from their units to PICAnet during the course of this study, or that there was an overall 15% increase in PICU admissions in the UK over the study period [18] .
The ubiquitous nature of HMPV is demonstrated by the equal gender spread and wide age range of affected patients. It is also clear that HMPV has a seasonal variation in its incidence with a 'peak season' occurring between November and May, with the maximal incidence occurring in April. Similar seasonal patterns have been shown by other studies in the northern hemisphere, with the season being noted to range from November through to May, with peaks occurring between February to April [8, [19] [20] [21] [22] . Interestingly we found few cases in January despite there being more cases in the months either side. This may be due to the fact January is peak season for RSV and influenza and testing may have predominantly been focussed on these pathogens, especially in the early years of our study.
We investigated the types of support required by children whilst admitted to PICU; 104 (91.2%) required respiratory support and 27 (23.7%) required inotropes, renal replacement therapy and/or ECMO. Of the two (1.8%) patients requiring ECMO, one had a primary diagnosis of acute viral bronchiolitis and the other viral pneumonia. Both patients had HMPV coded as the sole infective organism. Mortality in the study group was 4.4% (five children). Of those, four had HMPV only identified, with one also having rhinovirus detected. All five children required invasive respiratory support and four required inotropes. None of the children who died received renal replacement therapy or ECMO. Three had respiratory-related primary diagnoses including acute bronchiolitis and lower respiratory tract infection implying HMPV was the primary cause of death in these children. We are unaware of previous studies systematically measuring HMPV mortality rates. These data demonstrate HMPV can cause severe respiratory disease requiring the highest levels of intensive care support and even death.
HMPV places a significant financial burden on the NHS, potentially costing up to £1 million per year in 2014. This is only inclusive of children admitted to PICU and thus the true costs of all healthcare episodes associated with HMPV will be much higher. A study in the US has estimated a mean healthcare cost annually of US$277 million for all hospitalisations associated with HMPV [22] . HMPV (0.8 per 1000 PICU admissions) appears to account for a considerably smaller burden of PICU services when compared to RSV and influenza. A similar study using PICAnet data looking at PICU admissions related to influenza between October 2003 and March 2017 showed an average of 64 PICU admissions per year. Assuming an average of 16,000 PICU admissions per year this would account for approximately 4 per 1000 PICU admissions [23] . Similar data for UK PICU admissions related to RSV are not available, however, one study has investigated all cause bronchiolitis admissions to UK PICUs. It is known that approximately 80% of bronchiolitis admissions are caused by RSV. If considering PICU admissions for bronchiolitis in infants under 1 year alone then those attributable to RSV within this cohort would be approximately 45 per 1000 PICU admissions [24] . The true burden of RSV admissions, including older children, will be far higher. If there is more routine and frequent testing for HMPV, as there is for RSV and influenza, the burden of HMPV may be continue to increase.
Our study has several strengths and some limitations. We have described the burden of HMPV infection in PICUs at a national level over a nine-year period and calculated the associated healthcare costs. In line with other similar studies using coding data a significant limitation of our study is the fact that some cases of HMPV may have been incidental findings in children admitted to PICU for other reasons and some cases may have been incorrectly coded, thus leading to either an over-or underestimation of the true number of cases. This places some restrictions on conclusions that can be drawn about HMPV as a causative organism of the clinical characteristics observed. In addition to this, 8.8% of children had another infective pathogen coded in addition to HMPV during their stay. However, 91.2% of patients only had HMPV coded during their PICU stay and 84.2% of patients had a respiratorybased primary diagnosis suggesting HMPV was the reason for PICU admission for many children.
This data serves to show that HMPV can cause severe infection in children of all ages, although primarily young children. HMPV should be considered a significant pathogenic virus alongside RSV and influenza, potentially causing significant morbidity and even mortality among children. It may result in a cost to the NHS of up to £1 million per year in the PICU setting alone. Further efforts should be made to develop treatments and prophylactic agents to help clinicians prevent and manage children with HMPV infections.
